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Resection is often a late treatment option for patients 
with spinal intramedullary metastasis (IM), and is 
often excluded due to worry over a perceived high 

risk/benefit ratio. Development of guidelines for treat-
ing these patients, which has been hindered by the dis-
proportionate rarity of IMs relative to brain metastases, 
must consider histological findings, life expectancy, and 
maintenance of neurological function. The incidence of 
IM in autopsy series of patients with cancer ranges from 
0.9% to 3.5%.4,6,16 One author found IM in 2% of patients 
with end-stage cancer, and another showed that 6% of pa-
tients with cancer who had myelopathy had one or more 
IMs.6,27 With survival increasing among cancer patients 

due to improved therapies, IM will probably be seen more 
frequently. When left untreated, neurological decline usu-
ally follows, with progression to paraparesis or quadripa-
resis.13 Although advances in radiographic imaging now 
enable the detection of tumors at an earlier stage, even in 
recent series treatment often consists of steroids and ra-
diotherapy.19,21,26 Here we outline the clinical parameters 
and outcomes of patients with IM treated surgically at our 
institution.

Methods
We queried institutional databases as well as the data-
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OBJECTIVE Metastasis to the spinal cord is rare, and optimal management of this disease is unclear. The authors 
investigated this issue by analyzing the results of surgical treatment of spinal intramedullary metastasis (IM) at a major 
cancer center.
METHODS The authors retrospectively reviewed the medical records of 13 patients who underwent surgery for IM. 
Patients had renal cell carcinoma (n = 4), breast carcinoma (n = 3), melanoma (n = 2), non–small cell lung cancer (n = 1), 
sarcoma (n = 1), adenoid cystic carcinoma (n = 1), and cervical cancer (n = 1). Cerebrospinal fluid was collected before 
surgery in 11 patients, and was negative for malignant cells, as was MRI of the neuraxis. Eleven patients presented with 
neurological function equivalent to Frankel Grade D.
RESULTS Radiographic gross-total resection was achieved in 9 patients, and tumor eventually recurred locally in 3 
of those 9 (33%). Leptomeningeal disease was diagnosed in 4 patients after surgery. In the immediate postoperative 
period, neurological function in 6 patients deteriorated to Frankel Grade C. At 2 months, only 2 patients remained at 
Grade C, 8 were at Grade D, and 1 had improved to Grade E. One patient developed postoperative hematoma resulting 
in Frankel Grade A. Radiotherapy was delivered in 8 patients postoperatively. The median survival after spine surgery 
was 6.5 months. Three patients are still living.
CONCLUSIONS Surgery was performed as a last option to preserve neurological function in patients with IM. In most 
patients, neurological function returned during the immediate postoperative period and was preserved for the patients’ 
remaining lifetime. The data suggest that surgery can be effective in preventing further decline in selected patients with 
progressive neurological deficit.
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base of the Department of Neurosurgery at the MD An-
derson Cancer Center for patients with IM who underwent 
resection (n = 13) between June 1, 1993, and November 30, 
2014. These cases represent 0.35% of all spine operations 
and 4% of all intradural spinal procedures performed 
during the period. Patients with known leptomeningeal 
disease (LMD) or multiple intramedullary tumors were 
excluded, as was 1 patient with primary intramedullary 
melanoma that was classified as such due to the absence of 
any sites of melanoma outside the CNS. The institutional 
review board approved this study.

We recorded the following clinical and radiographic 
data for each patient: date of primary cancer diagnosis; 
date of spinal metastasis diagnosis; date of surgery; pre-
operative and postoperative radiotherapy received; sur-
gical procedure; tumor characteristics; preoperative and 
postoperative neurological function, including Karnofsky 
Performance Scale (KPS) score and Frankel scores for 
spinal cord function recorded at various intervals; local 
recurrence; complications after surgery; and survival.11 
Follow-up was recorded through September 1, 2016, for 
each patient.

Radiographic investigations in the preoperative period 
included plain radiographs, CT scans, and MRI. Subse-
quent surveillance was performed with MRI. The degree 
of resection was confirmed in all patients by postoperative 
imaging. Follow-up MRIs were assessed bimonthly for 

disease recurrence. Pain was assessed with a visual analog 
pain scale score ranging from 1 to 10.

Resection in all patients was done by laminectomy, 
intradural exploration, and cord entry guided by intraop-
erative ultrasonography. Neurophysiological monitoring 
of cord function (motor and somatosensory evoked poten-
tials) was performed in all patients.

Results
Clinical Data Summary

Table 1 shows clinical data for individual patients, and 
Table 2 summarizes the clinical findings for the entire co-
hort. The study cohort (n = 13) comprised 5 women and 
8 men. No patient had epidural spinal metastasis or IM at 
another site. In 11 patients, CSF was tested before spine 
surgery (or prior to dural opening during the operation) 
and was negative for malignant cells in each case. In the 
remaining 2 patients CSF was not analyzed, but neither 
individual had radiographic evidence of LMD on MRI se-
quences of the neuraxis, nor did they develop LMD after 
surgery.

Eight patients had a history of disease at other sites: 
prior metastasis had occurred in the brain (n = 6), lung 
(n = 1), and liver (n = 1). All achieved control of systemic 
tumor, either surgically or with chemotherapy and radio-
therapy, before surgery for the IM. In addition, the patient 

TABLE 1. Intramedullary spinal cord metastasis: clinical profile

Case 
No. Pathology

Age/
Sex

Time 
From 

Cancer 
Dx to Sx 

(mos)
KPS 

Score
Medical 

Comorbidities
Active Systemic 
Disease Sites Location

Extent  
of 

Resection
Postop 

Complications
Inpatient 

Rehabilitation Disposition

1 Lung (large 
cell)

48/M 17 90 Malignant 
pleural 
effusion

None C-1 GTR Pneumonia 
tracheos-
tomy

No Subacute 
nursing 
facility

2 Cervix 37/F 32 90 None Brain s/p WBRT, 
liver, femur

T-6 STR None Yes Home

3 Melanoma 43/M 34 90 None None C-5 GTR CSF leak No Home
4 Renal 50/M 64 90 Hypertension None C-1 GTR None Yes Home
5 Breast 53/F 32 90 None None C-2 GTR None Yes Home
6 Breast 48/F 133 100 None Brain s/p WBRT 

SRS
T-3 GTR None Yes Home

7 Renal 50/M 92 80 None Brain C-5 GTR DVT Yes Skilled nurs-
ing facility

8 Breast 50/F 17 80 None Brain, rib T-11 STR None Yes Home
9 Adenoid cys-

tic breast 
cancer

70/F 120 90 None Brain, lung C7–T2 GTR Hematoma, 
paraplegia

Yes Home

10 Sarcoma 65/M 2 80 None Skull T-2 STR None Yes Home
11 Melanoma 56/M Unknown 80 None None C-1 STR CSF leak Yes Home
12 Renal 66/M 97 90 Atrial fibrilla-

tion
Femur T-11 GTR None Yes Home

68/M 110 80 T-11 GTR None Yes Home
13 Renal 59/M 32 90 None Brain C-3 GTR None Yes Home

DVT = deep venous thrombosis; Dx = diagnosis; s/p = status post; Sx = symptoms.
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in Case 8 with breast carcinoma had an untreated rib 
metastasis, and the one in Case 2 with carcinoma of the 
cervix had untreated disease in the liver and femur. The 
patient in Case 12 had known oligometastatic disease to 
several sites in the bone.

At the time of surgery for IM, 7 patients had prior or 
present disease in the brain. The patient in Case 2 had 
widely metastatic cervical cancer with numerous small 
brain metastases, and had metastasis to the femur and liver. 
She was treated with whole-brain radiotherapy (WBRT), 
and her systemic disease was controlled at the time of IM 
surgery. In Case 6, the patient had undergone craniotomy 
and WBRT for a solitary cerebellar metastasis 1 year be-
fore resection of the IM. A small recurrence of the cer-
ebellar lesion diagnosed 5 months before IM resection was 
treated with stereotactic radiosurgery (SRS). This disease 
was stable at the time of IM surgery. The patient in Case 7, 
who had been treated elsewhere for renal cell carcinoma, 
subsequently presented to our institution with symptoms of 
IM, at which time a small frontal lobe metastasis was also 
diagnosed (and later treated with SRS). The patient in Case 
8 was found to have synchronous brain metastasis, which 
was treated with WBRT. In Case 9 the patient underwent 
resection and SRS 10 years prior to IM for adenoid cystic 
carcinoma of the hard palate; wedge resection of a lung 
metastasis 3 years prior to IM; craniotomy for removal of 
a previously irradiated cerebellar metastasis 2 years prior 
to IM; and a second craniotomy for removal of an occipi-
tal tumor (also previously irradiated) 7 months prior to IM 
surgery. There was no evidence of cranial disease at the 
time of IM surgery. The patient in Case 10 had a parotid 
adenocarcinoma resected and treated with radiotherapy 
20 years prior to IM. Two months prior to IM he was di-
agnosed with radiation-induced sarcoma of the temporal 
bone, which was resected, then treated with chemotherapy 
due to disease recurrence. He was found to have cranial in-
volvement by direct extension at the time of IM surgery. Fi-
nally, the patient in Case 13 had undergone craniotomy for 
a cranial lesion 32 months prior to IM surgery. There was 
no evidence of cranial disease at the time of IM surgery.

Treatment Modalities
All patients had been treated with systemic chemo-

therapy for their known primary disease. The IM in each 
patient was treated with laminectomy, intradural explo-
ration, and microsurgical removal of the intramedullary 
tumor (Table 1). Cord entry was guided by intraoperative 
ultrasonography. Resection was achieved by internal de-
bulking of the tumor, followed by separation of the mar-
ginal remnants from the adjacent cord parenchyma. En 
bloc removal was not done, to minimize the risk of cord 
injury. We were careful to avoid gross spillage of tumor 
fragments into the surrounding subarachnoid space, and 
placed cottonoids in that space above and below the opera-
tive site to aid that goal. Microscopic spillage could not, 
however, be excluded. Intraoperative ultrasonography was 
used to plan the myelotomy and to judge the extent of re-
section. Somatosensory and motor evoked potentials were 
monitored during surgery in all patients. In all patients a 
transient decline in wave amplitudes occurred during dis-
section, but waveforms always returned to baseline by the 
time of completion of tumor resection. Nine patients had 
gross-total resection (GTR), and 4 had subtotal resection 
(STR), as verified by postoperative MRI (Fig. 1).

In 4 patients (Cases 1, 4, 6, and 13) the IM was treated 
with surgery but not adjuvant radiotherapy. The patient in 
Case 13 had 2 operations, with radiotherapy given only 
after the second (not shown), which was done to resect 
local recurrence at the operative site. In addition, 1 patient 
(Case 5) had already received radiotherapy for IM. Her 
neurological function improved substantially thereafter, 
and the tumor size initially was stable on imaging. How-
ever, she was steroid dependent, and 5 months later her 
neurological function deteriorated and MRI demonstrated 
tumor growth. She then underwent a microsurgical GTR, 
and completed a slow wean from steroids.

Eight other patients were treated with postoperative 
radiotherapy. In Case 2, the patient (with cervical carci-
noma) had STR and then radiotherapy to the spinal site. 
Two months after surgery, this patient was diagnosed with 
LMD and an Ommaya reservoir was placed for intrathe-
cal administration of chemotherapy. The patient in Case 3 
(with melanoma) received the same radiotherapy regimen. 
This patient had undergone GTR, and radiotherapy was 
given to prevent local recurrence. Three months after IM 
surgery, brain metastasis was discovered and treated with 
WBRT. The patient in Case 7 (with renal cell carcinoma) 
was treated with GTR and received postoperative radio-
therapy after local recurrence of IM was discovered. In 
Case 8, the patient had STR, and then irradiation at the 
operative site followed by WBRT for synchronous metas-
tasis. The patient in Case 9 (with adenoid cystic carcino-
ma) was treated with GTR but developed an epidural he-
matoma and sudden paraplegia 1 week after surgery. Af-
ter hematoma evacuation she received radiotherapy, and 
is alive 21 months later without evidence of recurrence. 
The patient in Case 10 (with radiation-induced sarcoma) 
underwent an STR and adjuvant radiotherapy but died 4 
months later of unknown causes. In Case 11 (patient with 
melanoma) the individual underwent STR followed by ra-
diotherapy, and died of hepatic failure at 36 months. The 
patient in Case 12 (with renal cell carcinoma) underwent 
GTR without postoperative radiotherapy. This patient was 
found to have local recurrence 1 year after treatment and 

TABLE 2. Intramedullary spinal cord metastasis: clinical data 
summary

Variable Value

Median age at spine surgery, in yrs 50 (range 37–70)
Median time from primary to spinal cord 

metastasis, in mos
33 (range 2–133)

Median preop KPS score 90
Median preop Frankel grade D
Preop CSF cytology Available for 11 of 13 

patients, all negative 
for malignant cells

Median length of hospital stay, in days 17 (range 7–57)
Median survival after surgery, in mos 6.5 (range 2.2–65)
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underwent a second resection and course of radiotherapy 
(35 Gy in 14 fractions), and remains alive at 65 months. He 
remained ambulatory for 51 months after IM surgery, at 
which point he required amputation of a leg for intractable 
pathological fractures.

Surgical Findings
In all cases, the tumors had a color distinct from that of 

the surrounding cord. In 8 patients, the cord was observed 
to have expanded on radiographic studies and on direct 
inspection during surgery. Tumor location was indepen-
dent of histological findings, and was dorsal and eccentric 
in 4 patients, dorsal and midline in 7 patients, and central 
(i.e., contained completely within the cord parenchyma, 
with no contact with the pial surface) in 2 patients. One 
patient’s tumor was both intraparenchymal and slightly 
exophytic; all other tumors were confined within the cord. 
The tumors had a discernible cleavage plane in 6 patients. 
In 3 patients a cleavage plane was evident, but the tumor 
was more adherent to cord tissue. Finally, in the patients 
in Cases 2, 8, 10, and 11, the absence of a distinct plane 
between tumor and neural tissue led to STR.

Postoperative Complications
Three surgical site–related complications (CSF leak in 

2 patients, epidural hematoma in 1) in this series required 
surgical intervention. The patient in Case 1 had a perma-
nent chest tube inserted prior to surgery to treat malignant 
pleural effusion from large cell lung cancer. This patient’s 
bilateral pulmonary edema worsened after IM surgery, 
which led to reintubation 2 days later and then to trache-
ostomy. After successful weaning from the ventilator, he 
was transferred to a subacute nursing facility. The patient 
in Case 9 developed an epidural wound hematoma 1 week 
after IM surgery that required emergency evacuation, and 
she remains paraplegic at follow-up.

Neurological Outcomes
Twelve patients had Frankel Grade D neurological 

function before surgery, and 1 had Grade C (Table 3). In 6, 
neurological function declined to Frankel Grade C imme-
diately after surgery; in 6, it remained at Grade D (and 2 
months later it reached Grade E in 1 of these). The patient 
in Case 9 had a postoperative Frankel Grade D, but devel-
oped an epidural hematoma 1 week after surgery, leading 
to paraplegia, and now functions at Frankel Grade A. At 
2 months the functional scores in 4 of the 6 patients in 
whom a decline was seen after surgery had returned to 
Grade D; 2 patients remained at Grade C.

The remaining patient presented at Frankel Grade C 
and improved promptly after subtotal surgical decompres-
sion to Grade D. She maintained this level for 4 months, 
until her death from intracranial hypertension.

Of the 9 survivors at 5 months, 7 patients had Frankel 
Grade D (1 patient’s score had deteriorated from Grade E 
to D because of local disease recurrence), 1 had Grade C, 
and 1 had Grade A. At the 6- to 12-month follow-up of the 
6 survivors, all but 1 patient had Frankel Grade D.

Distant progression of CNS disease affected the neuro-
logical outcome of 2 of the 4 patients in whom LMD was 
diagnosed radiographically on follow-up. In the patient in 
Case 6 (with breast cancer), a second intramedullary tumor 
was diagnosed at C-2 6 months after GTR of IM at T-3. This 
second tumor was treated with steroids and CyberKnife 
SRS at another institution; the patient then developed pro-
gressive quadriparesis, and ultimately LMD. In the patient 
in Case 8, complete removal of a breast cancer metastasis 
was not possible due to indistinct planes between tumor 
and spinal cord. Despite postoperative irradiation of the tu-
mor remnant, this patient developed LMD 4 months after 
surgery, with significant intracranial involvement leading 
to her death soon thereafter. Leptomeningeal disease also 
occurred after surgery in the patients in Cases 2 and 11, but 
with intrathecal treatment it did not worsen prior to their 
deaths from systemic metastasis. In the patient in Case 13 
(with renal cell carcinoma) a cerebellar lesion appeared 1 
year after IM surgery and was successfully treated with 
SRS. Four years after IM surgery, he underwent distal 
pancreatectomy with en bloc splenectomy for pancreatic 
metastasis. He is currently intact neurologically.

Local Recurrence
Tumor recurred locally (after GTR) in 3 patients during 

FIG. 1. Unifying features of IM include tumor location, presence of 
significant cord edema, absence of tumor-associated cyst or syrinx, 
and the occasional presence of LMD. Inhomogeneous or ring enhance-
ment (suggesting central necrosis associated with rapid growth) is 
often noted (see Dam-Hieu et al.). All patients included in our series 
fit this radiographic profile, a typical example of which is the patient 
in Case 5.  Upper: Preoperative axial and sagittal, postcontrast MRI 
showing an intramedullary breast cancer metastasis. The lesion, located 
eccentrically to the left but contained within the spinal cord, has a large 
enhancing focus with surrounding rostral and caudal edema in the spinal 
cord. Lower: Axial and sagittal postcontrast MRI obtained 24 hours 
after surgery showing GTR of the lesion and reexpansion of spinal cord, 
with minimal residual enhancement.
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the follow-up period. The patient in Case 5 (with breast 
cancer) had local recurrence 15 weeks after surgery. This 
patient had received fractionated preoperative irradiation. 
After her neurological condition declined, she was treated 

with dexamethasone, and her condition remained stable 
until her death 5 months after surgery. The patient in Case 
7 (with renal cell cancer) developed a local recurrence at 
9 weeks, which caused severe pain. His systemic disease 

TABLE 3. Intramedullary spinal metastasis: pre- and postoperative Frankel grades measuring neurological function

Case. 
No.

Frankel Grade

Other CNS Disease CommentsPreop Postop

2  
Mos 

Postop

5  
Mos 

Postop

6–12 
Mos 

Postop

1 D C C NA NA Brain metastasis treated 3 mos earlier w/ 
resection + WBRT; no disease at time of 
surgery

Cranial disease did not affect neurological outcome 
before death

2 D C D D D Multiple intracerebral metastases s/p WBRT 
at time of spine surgery; Ommaya reser-
voir implanted for LMD 2 mos later

Cranial disease did not affect neurological outcome 
before death from progressive systemic disease

3 D C D D NA None at time of surgery; brain metastases 
seen on staging MRI 3 mos after surgery; 
these lesions progressed despite WBRT

Cranial disease did not affect neurological outcome 
before death

4 D C C C NA Cerebellar metastasis resected 6 mos 
before spine surgery; no disease at time 
of surgery

Cranial disease did not affect neurological outcome; 
died of rapidly progressing systemic disease

5 D D E D NA None Local recurrence 3.8 mos after surgery; treated w/ 
dexamethasone; neurological function declined 1 
level during remaining lifetime

6 D C D D D 1 yr prior had craniotomy + WBRT for 
metastasis; SRS for small recurrence at 
surgical site 6 mos prior; no disease at 
time of surgery; developed LMD 14 mos 
after surgery

6 mos after spine surgery had separate enhancing 
lesion at C-2, treated w/ steroids & CyberKnife; 
despite treatment, lesion grew & patient devel-
oped progressive quadriparesis

7 D C D NA NA Frontal lobe brain metastasis found at time 
of IM, treated w/ SRS

Died 3 mos later w/ progressive systemic disease & 
severe pain syndrome requiring Versed drip; had 
local recurrence at 2.2 mos

8 C D D NA NA Parietal metastasis found at time of IM, 
treated w/ WBRT; diagnosed w/ LMD 
shortly before death

Died 4 mos later after rapid obtundation, suggesting 
hydrocephalus &/or progression of intracranial 
tumor (imaging not available)

9 D D A A A Cerebellar metastatic lesion treated w/ 
radiation therapy 2 yrs prior; occipital 
lesion treated w/ SRS 7 mos prior to IM 
resection

Cranial disease did not affect neurological outcome, 
patient had excellent response to radiation, but 1 
wk after resection an epidural hematoma devel-
oped, requiring emergency evacuation; patient 
remains paraplegic 21 mos later

10 D D D NA NA Skull base resection of radiation-induced 
sarcoma 2 mos prior to IM resection; 
nodularity in brain based on preop MRI

Parotid malignancy treated 20 yrs prior w/ resection 
& radiation; cranial disease did not affect neuro-
logical outcome before death

11 D D D D D Developed LMD, which stabilized on intra-
thecal therapy

Repeat surgery 1 wk after initial resection for CSF 
leak repair; died of hepatic failure at 36 mos

12 D D D D D Recurrent T-11 lesion 1 yr after initial IM 
resection, treated w/ resection & radia-
tion; initial IM resection was not followed 
by radiation

Remains neurologically intact w/ mild iliopsoas 
weakness w/o evidence of CNS recurrence at 65 
mos of follow-up

13 D D D D D Craniotomy + WBRT for metastatic lesion 2 
yrs prior to IM; no evidence of cranial me-
tastasis at time of IM resection; cerebellar 
metastasis found 1 yr after IM & treated 
w/ SRS

Cranial disease did not affect neurological outcome; 
alive & ambulatory at 65 mos; underwent 
pancreatectomy & en bloc splenectomy for 
metastatic lesions, & is currently being evaluated 
for pancreatic metastasis

NA = not applicable.
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advanced rapidly, and he died 3 months later. The patient 
in Case 12 (with renal cell carcinoma) developed a recur-
rent T-11 lesion 1 year postoperatively, underwent a second 
resection and radiotherapy, and remains at Frankel Grade 
D at 65 months. Thus, the rate of local recurrence at the 
operative site was 23%, and no patient showed recurrence 
past 1 year from surgery.

Survival Outcomes
Survival duration ranged from 2.2 to 36 months from 

the time of surgery (Table 4), excluding the 3 patients who 
are currently alive. The mean survival of those currently 
alive is 50 months. The median survival for the entire co-
hort was 6.5 months. The 3 patients with breast cancer had 
a mean survival of 8.1 months. Those with renal cell car-
cinoma had the best chance for long-term survival; 2 of 
the 4 patients with renal cancer are currently living, both 
with 50 months of follow-up. The patient in Case 2 sur-
vived more than 7 months after STR of cervical cancer IM 
followed by external-beam radiation. However, the limited 
number of patients prohibits a reliable correlation between 
histological findings and survival or functional outcome.

Discussion
General Series of IM

A variety of tumor types have been described as caus-
ing IM.1,2, 8, 18, 20, 22,27 In reviews of previously reported cases 
of IM, Grem et al., Connolly et al., and Kalayci et al. de-
scribed 50, 174, and 284 cases, respectively, many of which 
overlap.5,13,17 Lung cancer constituted half of the primary 
cancers, most of which were the small cell subtype, fol-
lowed by breast cancer in 13%–14% of cases. Grem et al., 
Connolly et al., and Kalayci et al. all reported a survival 
benefit in early detection and radiation therapy, but failed 
to clearly define the role of surgery. Similarly, Schiff and 

O’Neill described a case series of 40 patients, although 
only 5 underwent surgery.27 Again, the majority of patients 
demonstrated small cell lung cancer, probably reflecting a 
selection bias favoring radiation therapy as primary treat-
ment.17,22 A survival benefit was noted with radiation, and 
the authors concluded that early detection and radiothera-
py can help preserve neurological function.

Histological Type–Specific Series of IM
Several authors have published small histological type–

specific series of IM. Potti et al. described 7 cases associat-
ed with non–small cell lung cancer treated with chemother-
apy and radiation, with a median survival of 10 months.25 
Another 6 cases of IM (all from renal cell cancer) were 
reported by Fakih et al.9 Renal cell cancer accounts for 4% 
of all IM cases.5,13 Surgery was performed in 2 patients 
to stem rapid neurological decline. With the exception of 
1 of the surgical cases, all patients received radiotherapy. 
Neurological function stabilized in all, but did not improve 
in any patient. Survival was variable, ranging from 4 to 23 
months, and the median survival was 10 months. In our 
own patients with IM, better outcomes occurred in renal 
cell carcinoma than in other cancer types. Boström et al. 
reported their 20-year institutional experience comprising 
70 intramedullary spine tumors, although nearly three-
quarters of cases were glioma or ependymoma and only 
11% were metastases.3 Of the metastatic cases (n = 8), we 
achieved GTRs in half, and 5 also received adjuvant radio-
therapy. Tumor histological findings included lung (n = 5; 
all dead within 6 months of surgery); 1 patient with renal 
cell carcinoma who remained symptom-free at 13 months; 
1 case of esthesioneuroblastoma that recurred at 4 months; 
and no follow-up was available for the remaining patient, 
who had an unknown primary carcinoma. Of these 8 sur-
gical cases, 1 patient had improvement in neurological sta-
tus, 1 had a decline, and 6 had no significant change.

TABLE 4. Intramedullary spinal cord metastasis: treatment, local recurrence, CNS progression, and survival

Case 
No.

Extent of 
Resection XRT Preop XRT Postop

Local 
Recurrence

CNS Disease Progression 
at Other Sites Affecting 
Neurological Outcome

LMD Postop  
& Time to 

Develop (mos)
Survival  

Postop (mos)

1 GTR No No No No No 2.2
2 STR No Yes; 20 Gy, 5 fractions No No Yes, 2.0 7.4
3 GTR No Yes; 20 Gy, 5 fractions No No No 5.2
4 GTR No No No No No 6.5
5 GTR Yes; 45 Gy, 25 fractions No Yes No No 5.0
6 GTR No No No Yes Yes, 14 15.3
7 GTR No Yes; 30 Gy, 10 fractions Yes No No 2.9
8 STR No Yes; 35 Gy, 14 fractions No Yes Yes, 3.8 4.0
9 GTR No Yes; 50.4 Gy, 28 fractions No No No Alive at 21 mos

10 STR No Yes; 30 Gy, 10 fractions No No No 3.8
11 STR No Yes; 37.5 Gy, 15 fractions No No No 36
12 GTR No Yes; 35 Gy, 14 fractions* Yes No No Alive at 65 mos
13 GTR No No No No No Alive at 65 mos

XRT = radiotherapy.
* Radiotherapy given only after second resection of (recurrent) IM
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Four cases of IM from advanced breast cancer high-
light the poor prognosis of these patients when treated only 
with steroids and radiotherapy.18 Three patients died 2–5 
months after diagnosis, and 1 was alive after 6 months. 
Carcinoma of the breast has an increased rate of LMD, 
and in 25% of patients with LMD, direct parenchymal in-
vasion occurs.18,27 Nevertheless, our patient (Case 6) with 
this histological type, who survived more than 15 months 
after surgery and had good maintenance of neurological 
function, shows that surgery may provide meaningful pal-
liation for some, particularly for those without LMD or 
parenchymal invasion.

Surgical Nuances
Resection for IM has a role in patients who have rapidly 

declining neurological function, good preoperative KPS 
score, radioresistant tumor, radiation failure, or systemic 
disease with known indolent growth pattern, All of our 
patients fulfilled one or more of these criteria. Surgery was 
well tolerated, with minimal morbidity and no periopera-
tive deaths, although short-term deterioration in neurologi-
cal function did typically occur. The relative lack of neuro-
logical morbidity in our series, and the long-term survival 
seen in 30% of patients, suggests that a surgical approach 
to maintain function may be warranted in this select group 
of patients.

Transient deterioration in neurological function was 
noted postoperatively in 6 of 13 patients, but our experi-
ence suggests that neurological recovery usually follows 
in this situation. Indeed, the only patient who was wheel-
chair-bound before surgery regained ambulation promptly 
after tumor resection. The median survival in our patients 
was long enough to suggest that judicious surgical man-
agement should be considered. With such a small number 
of patients, it is unclear whether surgery for IM affects 
overall survival, which probably relates more to how well 
systemic disease is controlled thereafter.

Because of the association of IM with LMD, with its 
implications for limited life expectancy, clinicians may 
hesitate to propose surgical treatment. Case reports and 
small series have demonstrated the successful surgical re-
moval of isolated IM, leading to enhanced quality of life or 
to long-term survival.7,10,18,30,34 Some authors have argued 
that the presence of LMD prior to surgery has little effect 
on survival.12 To maximize success, we excluded patients 
with evident LMD from consideration for surgery. Given 
that lumbar puncture and MRI are imperfect indicators 
of LMD, with malignant cells identifiable on cytospin 
in 50%–75% of patients with IM, it is possible that one 
or more of our patients did, in fact, have LMD prior to 
surgery.28 However, because 9 of the 13 patients did not 
develop LMD after resection, its specter should not pre-
clude consideration of IM for surgical treatment. This is 
particularly true given that 2 of our 4 patients with LMD 
showed good response to intrathecal drug therapy, and did 
not show neurological decline prior to death.

The natural history of untreated IM includes rapid ir-
reversible neurological decline via the accumulation of 
IM at other sites, local pressure, cord edema, and cord 
infarction.13,32,35 Steroid therapy and radiotherapy are the 
standard nonsurgical treatments. In general, radiotherapy 

is effective when the neurological deficits are minor and 
the tumor biology implies radiosensitivity.13,27,33,35 How-
ever, some authors have argued that resection can extend 
survival.5,7,17,24,30,34 Our data cannot support this suggestion 
without a valid control group treated nonsurgically; but 
they do show that quality of life may be maintained or 
improved in some patients after surgery. The pattern of 
neurological recovery seen in our analysis is similar to that 
of patients with primary spinal cord tumors treated with 
surgery. In a study of ependymomas of the spinal cord at 
our institution, 11 of 26 patients (42%) had a similar initial 
decrease in neurological scores, with subsequent improve-
ment.14

Surgical Results: Function and Survival
Four other series focusing on surgery for IM have been 

published to date.7,12,24,34 The 13 patients described by Gas-
ser et al. had similar survival to that of our group, but 
significantly worse functional outcome, which was prob-
ably reflective of the greater difficulty these authors ex-
perienced in achieving GTRs (46% in their series, 69% in 
ours).12 Preoperative Frankel grades were similar, but the 
majority (77%) of their patients had tumor in the relatively 
less forgiving thoracic cord or conus, histological findings 
more commonly involved in sarcoma (n = 3), or poorly 
differentiated carcinoma (n = 3). These differences under-
score the basic message of our series: that good outcomes 
can be achieved with microsurgical removal of IM, but 
that success is influenced by histological type and by the 
degree of resection.

Wilson et al. published a series of 9 patients with IM 
undergoing surgery.34 The primary histological findings 
were adenocarcinoma of the breast (n = 4) and lung (n = 
3), and melanoma (n = 2). Four (44%) patients were am-
bulatory preoperatively, with a mean KPS score of 60. 
Gross-total resection was achieved in 8 of the cases, with 
no complications. The mean survival after surgery was 6.4 
± 9.4 months, with 7 patients undergoing adjuvant radio-
therapy. Postoperatively, 4 of the patients had no change in 
motor strength, 2 improved, and 3 deteriorated. In another 
review of surgery for IM, the majority had lung cancer 
lesions (n = 13; 68%), 6 of which were small cell carci-
noma, with breast cancer in second place (n = 3; 16%).7 
Neurological status improved in 7 (54%) patients within 
1 week, worsened in 4 patients, and 2 patients maintained 
their preoperative neurological status, leading the authors 
to conclude that surgery can be of benefit in the setting of 
rapidly progressive neurological deficits and when a clear 
cleave plane exists.

The largest surgical series of IM to date comes from 
Payer et al., who studied 22 patients.24 Here again, compar-
ison is difficult because (unlike in our series) lung cancer 
was the dominant histological type, and one-third of the 
patients had unknown primary carcinoma. This series also 
seems to include patients with drop metastases from glio-
mas, which are not typically classified as intramedullary; 
and, as in all the surgical series discussed here but ours, 
the worse functional outcome was skewed by the more se-
vere loss of neurological function at presentation.

None of these series are directly comparable to the sur-
gical series we report here. When surgery was performed 

Unauthenticated | Downloaded 05/23/23 11:10 PM UTC



B. A. Strickland et al.

J Neurosurg Spine Volume 28 • January 201886

by the majority of other authors, it was done without con-
sistent selection criteria and generally for the purpose of 
tumor debulking. By contrast, we excluded patients with 
up-front LMD and made every effort to achieve as com-
plete a resection as safety allowed. Our outcome data sug-
gest that this strategy resulted in more long-term survivors 
and excellent maintenance of neurological function after 
surgery.

Radiotherapy as Primary Treatment
Radiotherapy as primary treatment for IM is minimal-

ly invasive and can halt tumor progression and decline in 
neurological status; however, its efficacy is limited to ra-
diosensitive tumors.20,22 Sung et al. reported their 20-year 
experience in managing IM and provided a literature re-
view of 293 additional cases.31 The median survival values 
of the surgical and radiotherapeutic management cohorts 
were 6 months and 5 months, respectively—much better 
than the 1 month achieved by palliative care only. Neuro-
logical status improved in 58% of surgically treated cases 
versus 21% of those treated with radiotherapy alone.

Several reports have described the efficacy of radiosur-
gery in treating IM.15,23,29 Parikh and Heron reported on a 
patient with IM from renal cell carcinoma who was treated 
by CyberKnife with 15 Gy in 3 fractions, who was alive 
and fully functional 26 months later.23 Shin et al. reported 
a series of intramedullary lesions undergoing single-frac-
tion radiosurgery with the Novalis system for metastasis 
from melanoma (n = 1), breast (n = 2), renal cell carcinoma 
(n = 1), and non–small cell lung cancer (n = 1).29 The mean 
treatment dose was 14.4 Gy (range 12–16 Gy). Clinical 
improvement occurred in 4 of the 5 patients. The median 
survival was 5.2 months (range 2.2–19.4 months). Hashii 
et al. reported on 18 patients with IMs that were treated 
with fractionated radiotherapy, whose primary histologi-
cal types included cancers of the lung (non–small cell [n = 
6], small cell [n = 2]), breast (n = 6), melanoma (n = 2), kid-
ney (n = 1), and colon (n = 1).15 The median survival was 
4 months. Ten patients showed clinical improvement after 
radiotherapy. Long-term outcome studies of radiotherapy 
in the management of IM have not been done, and the rar-
ity of such metastases makes it unlikely that controlled 
prospective clinical studies comparing surgery versus ra-
diotherapy will be possible.

It is important to note that the patients in this surgical 
series are a highly select group, one quite different from 
the overall cohort of patients with IM. Unlike the patients 
in our surgical cohort, many of those treated by other 
means have LMD, multiple sites of metastasis in the cord, 
and/or very poor functional status. For this reason, we 
have refrained from making any comparison between the 
surgical subset we report here and the much larger group 
treated in most centers by radiotherapy.

Conclusions
In most patients, spinal cord function returned soon af-

ter the immediate postoperative period, and was preserved 
for the patients’ lifetime. Our data suggest that surgery 
can be used in a subset of patients with relatively good 
functional status and progressive neurological deficit (but 

without evident LMD) to prevent further decline. Cases of 
IM will be seen more frequently because of early detection 
and longer survival, and treatment strategies (including the 
appropriate selection of patients for surgery) will require 
further definition.
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